Rapid population growth, accompanied with increase in affluence, continues to put the semi-arid environments' limited water resources under pressure. This study has attempted to compare population projections for two cities of Botswana (Gaborone and Francistown) using various methods including the Logistic Curve, and Artificial Neural Networks (ANNs). For both the cities, the Geometric Increase, Logistic Curve and ANNs performed better. The ANNs (-0.03 % deviation from observed) was the best for Gaborone City followed by the Geometric Increase (+2.97 % deviation from observed) and Logistic Curve (-3.40 deviation from observed). For the City of Francistown, the Logistic Curve outperformed the Geometric Increase and the ANNs with deviations of -0.03 %, -0.27 %, and +11.6 5 respectively. The findings indicate that the Cohort Component method for population projections should be supplemented with the superior methods of Geometric Increase, Logistic Curve and ANNs. As census data increase with time, ANNs might prove to be the best approach. With improved population projections, determining likely future water demands against available water resources could be improved and this can help feed into water resources planning strategies.
Introduction
Today the world is undergoing rapid urbanization with about 93 % of it taking place in poor and developing countries including sub-Saharan Africa [1] . Since the latter half of the 20 th century, sub-Saharan Africa has particularly not only experienced rapid urbanization but also rapid population growth that continues to put pressure on the limited and declining fresh water supplies. Population growth is increasing water demand and yet the available water resources are declining with quality also deteriorating. With nearly 27 % of the population in developing countries lacking piped water supply, there are increased incidences of water borne diseases such as cholera, malaria and diarrhea. It is therefore not surprising that population projections is increasingly becoming an integral component of water resources planning and management for optimization of limited water resources in semi-arid countries like Botswana [2] .
The objective of water resources management and planning is to make the most effective use of the available water resources to meet all the foreseeable short-and long-term needs of a country. In this regard, population projections remain inherently important for optimizing between future water demands and supply. Methods for estimating future populations are based on probabilities of future likely numbers and thus mostly result in approximations. These methods are either developed for small or large design periods and choosing a method for a particular city depends on the validity of each method [3] .
Some methods are applicable not only to towns or cities, but can be used for a wide spatial coverage like a country as a whole. For Botswana, the Cohort Component method has extensively been used for the country as a whole, administration districts and even populations of individual towns [4] . The Geometric and Exponential methods are some of the other approaches that were at different points also considered for use in Botswana. In this study, newer forecasting techniques like artificial intelligence realized through Artificial Neural Networks (ANNs) has been investigated with other popularly used methods for assisting in possible better population projections.
The main reason for consideration of ANNs is its wider applicability based on information processing paradigms that are modeled on the basic morphological and functional organization of neural brain structures. The uses of artificial neural networks have to some degree alleviated the problem of modeling the complex inter-play between multi-variables. This is achieved through determination of neural network optimal architecture, which is included as a part of the learning strategy. Neural networks are uniquely population forecasts powerful tools in applications where formal analys is would be difficult or impossible, such as pattern recognition and non-linear system identification and control [5] . The motivation behind the use of ANNs lies in their capacity for making no assumptions about the underlying probability density functions, finding nearoptimum solutions from incomplete data sets, and the fact that learning is accomplished through training [6] . ANNs have widely been used in modeling a large variety of dynamic systems that are characterized by non-linearity [7] ; [8] ; [9] . Neural networks are ideally suited for such problems because, like their biological counterparts, a neural can learn, and therefore can be trained to find solutions, recognize patterns, classify data, and forecast future events.
In this study, a number of population forecasting methods were used in projections and comparisons made with projections by the ANNs. Apart from the ANNs, the common population projection methods that have been considered under this study include Arithmetic, Geometric Increase, Varying Increment, Decreasing Rate of Growth, and The Logistic Curve.
Methodology
The most common population projection approaches that are considered under the study are discussed below.
Cohort-Component Method
The cohort-component method for population projections is defined by the use of estimates or projections of births, deaths and net migration to update a population. The general equation used is given as
where ܲ ௧ = population at time t ܲ ௧ିଵ = population at time ‫ݐ‬ െ 1 ‫ܤ‬ ௧ିଵ,௧ = births in the interval from time ‫ݐ‬ െ 1 to the time ‫ݐ‬ ‫ܦ‬ ௧ିଵ,௧ = deaths in the interval from time ‫ݐ‬ െ 1 to time ‫ݐ‬ and ‫ܯ‬ ௧ିଵ,௧ = net migration in the interval from ‫ݐ‬ െ 1 to ‫ݐ‬ Components of population change are projected separately and applied to equation (1) recursively to produce a series of populations
Arithmetic Increase Method
In using the Arithmetic Increase method, an assumption is that the rate of change of population is constant overtime as given by the equation below.
where ݀ܲ =change in population
The generalized population forecast equation is given by
Where ܲ = prospective or forecast population after n decades from the last known census ܲ = population of last known census n = number of decades between now and the future ‫̅ݔ‬ = average (arithmetic mean) of population increases in the known decades.
Geometric Increase Method
Under this method, the per decade percentage increase or percentage growth rate ‫ݎ‬ is assumed to be constant, and the increase is compounded over the existing population every decade.
The general equation is given by
where ܲ =initial population i.e., population at the end of the last census ܲ =future population after n decades ‫ݎ‬ = growth rate per decade (%)
Varying Increment Method
Varying Increment method assumes a progressively increasing or decreasing per decade growth rate depending upon whether the average of the incremental increases in the past data is positive or negative.
The general varying Increment equation is given by;
where ܲ = population after ݊ decades from last known census ‫̅ݔ‬ = average increase of populations of known decades ‫ݕ‬ ത = average of incremental increases of the known decades
The Logistic Curve Method
This is a mathematical solution of the natural growth curve for population. The method takes into consideration first rapid population growth, middle growth and saturation period, and hence forming an S-shaped curve.
The mathematical equation for the S-curve can be represented by an autocatalytic first order equation given by;
where ܲ = the population at the starting point of the curve A ܲ ௦ = saturation population ܲ = population at any time t from ܲ ‫ܭ‬ = constant
and -‫.ܭ‬ ܲ ௦ ൌ ݊ (another constant) this gives:
Artificial Neural Networks (ANNs)
ANNs use a multilayered approach that approximates complex mathematical functions to process data. An ANN is arranged into discrete layers each consisting of at least one neuron (i.e. node). Each node in a layer is connected to all nodes of the preceding layer by connection weights. The number of layers and nodes in each layer is problem specific and needs to be optimized [10] ; [11a,b] . Figure 1 depicts information flow from the input to the output layer (feed forward) for the optimum network that was used in this study. 
where ‫ݕ‬ is the value of the i th input parameter to hiddenlayer neurons, ܾ is the bias for the j th hidden-layer neuron, and ܰ ூ is the total input neurons. The total input signal received by the j th hidden-layer neuron, ‫ݒ‬ , is converted to an output signal using an activation function ߮ . The output signal of the jth hidden-layer neuron is ߮ ൣ‫ݒ‬ ሺ݊ሻ൧ for the n th pattern of the training dataset. The output neuron receives signals from all hidden-layer neurons and converts them to a single signal as output using an activation function ߮ ሾ. ሿ. Thus, the input and output signal of the k th output neuron are;
and
respectively, where ܾ is the bias, and ܰ is the total hidden-layer neurons.
The estimated output ൫‫ݕ‬ ሺ݊ሻ൯ for n th pattern is compared with the measured output ൫‫‬ ሺ݊ሻ൯ and an error ൫݁ ሺ݊ሻ ൌ ‫‬ ሺ݊ሻ െ ‫ݕ‬ ሺ݊ሻ൯ is estimated. If the average mean square
ሼ݁ ሺ݊ሻሽ ଶ ሻ of all patterns is greater than specified error goal [12] ; [2] , then the weights are changed by an amount proportional to the difference between the desired output and the actual output.
Based on optimized network architecture for predictions, forecasting can be implemented through the model predictive control capabilities, which was designed for Multi-Input Single-Output (MISO) systems.
For any assumed set of present and future control moves (future input variables)
the future behaviour of the process outputs (future populations) ( ) is the (time-varying) vector of future reference values (set points). This time varying vector is also referred to as the control signal or difference between target and outputs at an instant future one step prediction. This will vary from one step ahead prediction to another. At the next sampling interval, new values of the measured output were obtained, the control horizon was shifted forward by one step, and the same computations were repeated. The predicted instant process output
and assumptions made about the unmeasured disturbances and measurement noise affecting the outputs.
The study area
Two rapidly growing urban centres namely the City of Gaborone (south east) and the City of Francistown (north east) located on the hard veld part of Botswana have been chosen for the study (Figure 2 ). The south-to northeastern Botswana has experienced rapid population growth more than the rest of the country. This rapid population growth is attributed to rural-urban migration and natural population growth over the area. Pull factors of modernity embracing rapid expansion of structural base of industrialization and social amenities are to be found more over eastern Botswana than the rest of the country. Before independence, less than 5% of Botswana's population was classified as urban. There has been an upward trend since the mid 1970's as can be seen in Table 1 below.
In 1981, census data showed that 50% of Botswana's population lived within a 200 km radius of Gaborone, the capital city. This pattern changed to 50% living within only 100 km radius from the city in 1991. Gaborone population density increased from 790 to 1100 persons/km 2 between 1991 and 2001 [13] . Compared with other African countries, Botswana had one of the highest urban population growths between 1960 and 2001. Table  2 below shows urban population growth for Botswana and some African countries.
Coupled with the boom in population, the inhabitants of the cities have become more affluent with subsequent rise in per capita water demand. This has put a lot of pressure on the limited water resources supplying these urban centres. 
Results and Discussions
Projections were considered up to the year 2021. The Cohort Component projections were taken from the latest (2011) national population census for both cities. The other projections using the other 5 approaches were made in this study. All the projections for Gaborone city including the actual populations are plotted as shown in Figure 3 . Figure 3 . Gaborone census population plotted with projections for various methods
The Arithmetic Increase projections were consistently higher than the rest. In terms of differences between projections and census populations, the ANNs performed better followed by the Logistic Curve and the Geometric Increase in that order (Table 3) . The actual projections together with census data are also shown in Table 4 . In the same way, census and projection populations were plotted for the city of Francistown as shown by Figure 5 . The Arithmetic Increase still gave consistently higher projections (average 59 % higher than census populations). The Logistic Curve method, Geometric Increase and ANNs tend to perform better in that order (Table 5) . The percentage (%) differences in census and projection populations are shown in Figure 6 . 
Conclusion
Population projections for the two cities of Botswana (Gaborone and Francistown) have been attempted using four commonly used approaches and a newer technique of ANNs. These four approaches are the Arithmetic Increase, Geometric Increase, Varying Increment and the Logistic Curve methods. These projections, together with that of the ANNs, were compared with the Cohort Component made by Botswana's Central Statistics Office and census populations. For both the cities, Geometric Increase, Logistic Curve and ANNs performed better. The ANNs (-0.03 % deviation) was the best for Gaborone city, followed by the Geometric Increase (2.97 %) and lastly the Logistic Curve (-3.40 %). For the city of Francistown, the Logistic Curve (-0.03 %) was the best followed by the Geometric Increase (-0.27 %) and lastly the ANNs (11.6 %). The not so good projections by the ANNs for Francistown could maybe be explained by the input variables that were used in training the network. This is in particular reference to country-wide blanket percentage (%) urbanization which might probably be meaningful for the major urban centre of Gaborone than Francistown.
There is need to investigate urbanization in detail to get more insight information on this variable. There is also need to investigate any other variables that could be related to population for both the cities to ascertain this.
It is, however, concluded that these best three methods (ANNs, Logistic Curve and Geometric Increase) can be used complimentarily. With increase in data records, more hope could also be pinned on the ANNs as the training for better projections will largely depend on increase in data records. With improved population projections, determining likely future water demands against available water resources could be improved and this can help feed into water resources planning strategies. Table 6 . Table 6 . Francistown population census with projections from various methods.
